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Biographical Memoirs
On the outbreak of the 1914-18 war he took a commission in the Royal Engineers and was allotted duties associated with Wireless Intelligence in Egypt and Salonika. It was during this period that he developed that interest in the propagation of radio waves which was to remain with him for the rest of his life. The work with the Intelligence involved the accurate determina tion of the direction of arrival of radio waves from enemy transmitters, and Eckersley came to realize that the ordinary 'loop' direction finder did not always provide the correct answer. He concluded that a wave reflected downwards from the 'Heaviside' layer could give rise to direction-finding, or D/F, errors if the polarization of the wave was altered at reflexion from the layer, and he appreciated the essential features of what is now called 'polarization error' in direction-finding. A report which he sent to the W ar Office in 1916 probably formed the first scientific discussion of this subject.
Even when, as in the day time on the frequencies concerned, there was no wave reflected from the Heaviside layer, Eckersley found that there could be errors in the measured direction if the waves passed nearly tangentially across a coastal boundary between land and sea. He made a series of experiments to establish the reality of this 'coastal refraction', and tried to explain it in terms of Zenneck's theory of wave propagation over a partially conducting surface. Apparently, however, he did not notice that, although this theory gave approximately the measured magnitude of the effect, the sign was wrong. It is now realized that, although the Zenneck surface wave is a mathematically possible one, it is not, in fact, excited by a transmitter on the surface of the earth and the present theory of coastal refraction is given in terms of the more complete analysis of Sommerfeld.
When the war ended Eckersley joined Marconi's Wireless Telegraph Co. Ltd and remained with them till he retired in 1946. During that time he developed his interest in the theory of the propagation of radio waves and published several papers on the subject. In addition he led and inspired a small team of experimental workers, which just before the outbreak of the second world war numbered eight. Although Eckersley was always pre dominantly a theoretician he understood the importance of experimental work and often took part in observational work at all hours of the day or night. If a line of research was not going well it was his habit to say-'Let's try a damn fool experiment'-:-and was frequently rewarded with some new insight into the mechanism of radio-wave propagation.
Eckersley proved himself to be a wise technical adviser to the Company, and they came to value his scientifically disinterested views. It was largely as a result of his theoretical and experimental work that they were able so successfully to develop a great deal of their direction-finding equipment and their long-distance short-wave links.
The papers published while Eckersley was with the Marconi Company are concerned primarily with the propagation of waves through, and the scatter ing of waves from, the ionosphere; the origin of those naturally occurring radio waves of audible frequency called whistlers; and consideration of propagation by a full-wave theory rather than a ray theory. The papers on these subjects will be considered in turn.
Eckersley's interest in the ionosphere arose from his work on D/F errors, and his first published paper on the subject, written in 1921, is entitled 'The effect of the Heaviside layer on the apparent direction of electromagnetic waves.' It is one of the earliest papers to consider the effect of the ionosphere on waves of medium frequency reflected to medium distances. The earlier work of Eccles (1912) had been concerned with long waves transmitted to considerable distances. It was not until 1924 that Smith-Rose and Barfield published their papers on D/F errors, the year in which Appleton and Barnett, and Beit and Tuve, demonstrated the presence of down-coming waves more directly.
As Eckersley came to realize the importance of scattering from the iono sphere he also came to appreciate its importance in producing D/F errors. He therefore led his team to construct and use a spaced-loop direction finder which was free of polarization errors. Investigations with this led to some valuable information about scattering of waves reflected from the ionosphere at vertical incidence.
Eckersley's later papers on wave propagation through the ionosphere, published between 1930 and 1948, concerned somewhat unrelated topics such as 'The critical frequency in an ionized medium', 'Polarization of echoes from the Heaviside layer', 'Collision frequency of electrons', 'The existence of a biannual component in the iv la y e r', 'Critical frequency near r = T, 'Coupling of ordinary and extraordinary rays in the ionosphere', 'Triple splitting of ionospheric rays'.
The series of papers on scattering concern the phenomena which are now known as 'forward' scatter and 'back' scatter. They originated from observa tions made on commercial 'beamed' transmissions of morse code and of pictures. In the 'back' scatter observations signals were received, with an observable delay, either near the sender, or at points outside the 'beam', provided a directive receiver was orientated, not towards the sender, but towards that part of the ionosphere irradiated by the beam. In the observa tions on 'forward' scatter short pulses, transmitted over long paths, were often received two or more times, in rapid succession. Both types of observa tion were attributed to scattering from irregularities in the ionosphere. In two classical papers in the Journal of the Institution of Electrical Engineers Eckersley discussed the observational material and its theoretical explanation. He derived expressions for the angle, and frequency, dependence of the scattering from electron clouds of different shape, and discussed back-scatter both from these clouds direct, and also from the surface of the land or sea. These papers were published in 1929 and 1932, and, although at the present day they are known to be highly relevant to the important subjects of propagation by 'forward scatter', and of 'back-scatter sounding', they do not seem to have attracted any wide attention when they were written.
On the contrary, the group of papers concerning 'full wave theory' attracted considerable attention from the first. The title of the first of these papers, 'On the connexion between the ray theory of electric waves and dynamics' shows how Eckersley drew on his wide knowledge of physical theory to discuss wave-propagation in terms of other concepts. He had studied the early papers on wave-mechanics as they were published and had tried to apply the ideas to radio waves. For this purpose he developed what he called a 'phase-integral' method which he used to good effect in studying the propagation of waves round the surface of the earth. His later papers were published in collaboration with Millington, who first joined him in 1931.
One other paper which deserves especial mention is entitled 'A note on musical atmospheric disturbances' (1925) . In it Eckersley discussed what are now called 'whistlers' or 'whistling atmospherics', and showed that the succession of frequencies observed in them could arise by the dispersion of a radio-atmospheric as it travelled through the ionosphere. It was left to Storey, much later in 1953, to suggest the path which the disturbance followed.
When one re-reads Eckersley's papers in the light of present-day knowledge one is impressed by the fact that, although he often anticipated some later work, he is not usually given the credit for it. For example he was almost certainly the first to appreciate at all fully the implications of 'direction finding errors' in terms of waves reflected, with altered polarization, from the ionosphere, and his early papers on the ionospheric propagation of short waves contain some valuable suggestions. The papers on scattering were far in advance of their time, indeed much of the matter in them was re discovered after the war.
It is interesting to speculate about the reason for this apparent neglect of some of his pioneer work. The reason can probably be found in Eckersley's own method of writing. He was a very original worker who thought about wave-propagation in his own way and never troubled to relate his approach to other people's. His papers are often difficult to follow, and generally make use of a nomenclature peculiar to themselves. This is particularly noticeable in the papers on the magneto-ionic theory, in which Eckersley continued to use his own nomenclature to the end, long after the large majority of workers had adopted Appleton's nomenclature. An example is in the title of his paper 'Critical frequency near r = P , published in 1948, which is without meaning except to those who know Eckersley's own nomenclature for the magneto ionic theory.
Not only, however, did Eckersley fail to attract proper attention to his work by failing to relate it to that of others, he also tried to include too much in a single paper. Some of his most important papers on short wave propa gation in the Journal of the l.E.E. give the impression that he paper to explain all that was known on the subject. It is not always surprising that those who read these papers at the time could not properly assess them, whereas those who read them now, with the advantage of knowing which of the many ideas have proved to be correct, realize their very great importance.
In spite of the fact that Eckersley's work was not all so well appreciated as it might have been, his ability as an investigator was widely recognized. Eckersley's wide knowledge of radio-wave propagation made him a valued member of U.R.S.I. and of C.C.I.R. and he attended their Assemblies regularly until his health broke down. When he retired in 1946 he was already suffering from multiple sclerosis, and, although he continued to do theoretical work at home the disease pursued its inevitable course and in his later years he was almost completely helpless. During this time Millington gave him considerable help and encouragement by discussing his theories and ideas with him, and he was supported throughout by the loving care of his wife, who not only wrote out most of his work and his publications for him, but also attended to his every need. He finally died on 15 February 1959, of pneumonia contracted during an epidemic of influenza.
